Our purpose was to identify factors for a parsimonious fracture risk assessment model considering morphometric spine fracture status, femoral neck bone mineral density (BMD) and the World Health Organization (WHO) clinical risk factors. Using data from 2761 subjects from the Canadian Multicentre Osteoporosis Study (CaMos), a prospective, longitudinal cohort study of randomly selected community-dwelling men and women aged X50 years, we previously reported that a logistic regression model considering age, BMD and spine fracture status provided as much predictive information as a model considering these factors plus the remaining WHO clinical risk factors. The current analysis assesses morphometric vertebral fracture and/or nonvertebral fragility fracture at 5 years using data from an additional 1964 CaMos subjects who have now completed 5 years of follow-up (total N ¼ 4725). Vertebral fractures were identified from lateral spine radiographs assessed using quantititative morphometry at baseline and end point. Nonvertebral fragility fractures were determined by questionnaire and confirmed using radiographs or medical records; fragility fracture was defined as occurring with minimal or no trauma. In this analysis, a model including age, BMD and spine fracture status provided a gradient of risk per s. 
Introduction
Prevalent vertebral fractures increase the risk of new vertebral and nonvertebral fractures in postmenopausal women. [1] [2] [3] [4] Other important risk factors for fracture include a femoral neck bone mineral density T-score (BMD) and a set of clinical risk factors identified by the World Health Organization (WHO), including age, cigarette smoking, systemic glucocorticoid therapy 43 months, minimal trauma fracture after age 50, parental hip fracture, alcohol use, rheumatoid arthritis and secondary osteoporosis. We previously performed a series of logistic regression analyses to identify a parsimonious model for predicting any future vertebral or nonvertebral fragility fracture using data from the Canadian Multicentre Osteoporosis Study (CaMos), a prospective, randomly selected population-based community cohort. 5 The study included BMD, lateral thoracic and lumbar spine radiographs and interviewer-administered questionnaires. 6 According to an analysis based on 2761 CaMos subjects, the most predictive risk factors for incident fracture were age, BMD and spine fracture status (whether or not morphometric vertebral fractures were present). 7 A model considering these risk factors provided almost all of the information provided by models that included spine fracture status, BMD and all WHO clinical risk factors. 7 For comparison, this model captured more information than a model considering BMD and the WHO clinical risk factors. 7 The objective of the current analysis was to validate the importance of age, BMD and spine fracture status to predict fracture risk in an independent sample using recently available data from 1964 CaMos subjects whose spine radiograph morphometric assessments were previously not complete. The risk of fracture is known to be determined by multiple independent risk factors, and consideration of multiple risk factors combined with BMD in the assessment of fracture risk increases the sensitivity of the test procedure without sacrificing specificity. 8 We analyzed models considering a range of risk factors and compared the performance of these models for predicting fracture risk using the gradient of risk per s.d. (GR/ s.d.) In this context, the GR/s.d. represents the increase in fracture risk per s.d. increase in a risk score. 9 Models with a higher GR/s.d. more accurately identify the individuals who will fracture 9 and enlarge the population that can be identified at any particular threshold of risk. 10 
Results
Subject characteristics. The original CaMos cohort initially included 7753 subjects aged 50 years and over, including 4725 with spine radiographs at both baseline and 5 years. The previous report for Cohort 1 included 2761 subjects. 7 Analyses of vertebral deformities were subsequently completed for an additional 1964 subjects defined as Cohort 2. Baseline characteristics of these subjects and the incidence of fractures at 5 years are shown in Table 1 Figure 1 ).
Multivariate analyses for 5-year risk of new fractures. These analyses provided results that were similar in men and women (data not shown); therefore, multivariate analyses were performed combining the data for both sexes. The performance characteristics of models with sequential addition of the most important risk factors are shown in Figure 2 . In both cohorts, compared with a model including age alone, the GR/s.d. increased with models including age, femoral neck BMD T-score and spine fracture status. However, the GR/s.d. did not increase for models including these risk factors plus additional WHO clinical risk factors. Age, BMD and spine fracture status predict fracture risk JH Krege et al Absolute risk of fracture based on age, femoral neck BMD T-score and spine fracture status. The 5-year absolute risk of incident fragility fracture for data from pooling of CaMos Cohorts 1 and 2 based on age, BMD and presence or absence of spine fracture is shown for women ( Figure 3 , Table 2 ) and men ( Table 3) . Fracture risk increased in both men and women with increasing age, lower BMD and presence of spine fracture. Figure 3 shows that, at any age, the risk conferred by presence of vertebral fracture was approximately equal to a femoral neck T-score reduction of 2.5. Importance of spine imaging for identifying vertebral fracture and for identifying people at high risk for fracture. After pooling Cohorts 1 and 2, Venn diagrams were constructed to further explore the importance of spine imaging. Figure 4a shows the prevalence of vertebral fracture using radiograph versus by questionnaire. Among 947 subjects with morphometric vertebral fracture, 66 reported a history of vertebral fracture by questionnaire and 881 did not. Thus, 93% of subjects with a morphometric vertebral fracture were unaware of the fracture. Additionally, among a total of 84 subjects with a history of clinical vertebral fracture by questionnaire, 66 (79%) were found to have a vertebral fracture by morphometric analysis of radiographs, whereas 18 (21%) were found not to have a vertebral fracture.
Figures 4b and c show subjects with at least a 30% 5-year fracture risk as assessed using various logistic regression models. In Figure 4b , subjects with this level of risk are shown Age, BMD and spine fracture status predict fracture risk JH Krege et al based on models including risk factors: (1) age, (2) age plus BMD and (3) age plus BMD plus spine fracture status. This analysis revealed that consideration of the three factors identified not only more but also different subjects having a 30% 5-year risk for fracture.
In Figure 4c , subjects with at least a 30% 5-year fracture risk are shown as identified using logistic regression models including risk factors: (1) age plus BMD plus spine fracture status versus and (2) these factors plus the remaining WHO clinical risk factors. This analysis revealed that these approaches largely identified the same subjects. In 97% of the population, the two models agreed in defining subjects as having less than versus at least a 30% 5-year risk of fracture.
Discussion
Data from this analysis of Cohort 2 (n ¼ 1964) in CaMos confirm our previous report in Cohort 1 (n ¼ 2761) 7 and demonstrate the value of morphometric spine fracture status for predicting the risk of new vertebral and nonvertebral fragility fractures. In univariate analyses, we found that morphometric spine fracture status was one of the most important predictors of 5-year fracture risk. In addition, we assessed models for predicting future fracture risk by sequentially adding the most important clinical risk factors and found that a model including age, femoral neck BMD and spine fracture status provided information similar to a model considering BMD, the WHO clinical risk factors and spine fracture status. For comparison, this model provided more prognostic information than a model considering BMD and the WHO clinical risk factors.
A femoral neck BMD T-score is a strong risk factor for predicting fracture risk and is a key factor in diagnosing osteoporosis in many countries. However, it is clear that relying on a T-score of o À 2.5 precludes diagnosing and treating many older persons at high risk for fracture based on non-BMD clinical risk factors. 11, 12 For instance, age contributes additional prognostic information regarding fracture risk regardless of other clinical risk factors. 13 This is consistent with the findings of a bone histomorphometry study, which showed that several parameters of bone strength deteriorate with increasing age, 14 as well as with previous data using high-resolution peripheral quantitative computed tomography in the CaMos cohort, which demonstrated age-related changes in the bone.
15 Additionally, at any particular level of BMD, spine fracture status provides additional prognostic information. 1 Increasing spine fracture burden is associated with deterioration of bone microarchitecture. 16 Thus, age and spine fracture status appear to provide information regarding bone quality that is supplemental to the information provided by the femoral neck BMD T-score. Although other WHO clinical risk factors were prognostic in univariate analyses, including them in multivariate analyses contributed little additional information beyond that provided by age, BMD and spine fracture status. Thus, it appears that the information obtained from these other risk factors was captured by morphometric spine fracture status. Importantly, in the absence of knowledge about spine fracture status, assessments based on BMD and the WHO clinical risk factors alone may under-or overestimate the true risk of an individual experiencing an incident fracture. 1 An advantage of including a small number of variables in the assessment of future fracture risk is that 5-year absolute fracture risk for people who are similar to those in CaMos can be reported in simple tables. 7 However, whether the current results are generalizable to other populations is an important consideration. In this regard, an analysis of the Hiroshima study of Japanese using a similar statistical approach showed comparable findings. 17 However, in that analysis, a statistical model including age, femoral neck BMD T-score, spine fracture status (yes/no) and prior clinical fracture performed better than a model not including prior clinical fracture. 17 Additional analyses of all CaMos subjects were undertaken to assess the most important risk factors for the specific outcome, vertebral fracture. These analyses also confirmed the primary importance of age, BMD and spine fracture status. However, analyses of all CaMos subjects to assess the most important risk factors for nonvertebral fragility fracture showed that a model considering these risk factors plus previous clinical fracture performed better.
At the top of the National Osteoporosis Foundation list of who should be treated for osteoporosis are those with hip or spine fractures, including morphometric or clinical vertebral fractures. 18 To identify people with vertebral fractures versus those without vertebral fractures, several lines of evidence suggest that routine screening with spine imaging may be necessary. In the current study, over 20% of men and women at baseline in CaMos had a morphometric vertebral fracture. 6 Among these, 93% were not aware of that fracture. In a recent study conducted in Spain, 98.5% of those in the population who had a vertebral fracture were not aware of the fracture. 19 A study from the United Kingdom showed that routine screening of women over the age of 65 by vertebral fracture assessment revealed moderate or severe vertebral fractures in 20% of women, with targeted screening based on reported height loss (42.5 cm, 1 inch), Dowager's hump, suspected fracture on anterior-posterior spine dual energy X-ray absorptiometry (DXA), and known vertebral fracture missing 90% of the fractures; 20 this study supports the conduct of routine rather than targeted screening for vertebral fractures in women over the age of 65.
In the current study, in 18 of 84 (21%) women with a history of clinical vertebral fracture, no vertebral fracture was found to be present by lateral spine imaging. Similarly, among 425 women with self-report of a fracture in the Kuopio Osteoporosis Risk Factor and Prevention Study (OSTPRE), 21 70 (16%) were found not to have a fracture by review of medical records. Also, among 453 women known to have a fracture by review of the medical records, 98 women (22%) did not self-report the fracture in OSTPRE. These data suggest that patient reporting of fracture is sometimes erroneous.
Models with a higher GR/s.d. identify more patients having any particular threshold of risk. For example, in CaMos, consideration of age, femoral neck BMD T-score and spine fracture status identified not only more but also different participants with at least a 30% 5-year risk of fracture than would be identified by consideration of age only or of age plus femoral neck BMD T-score. Finally, consideration of age, femoral neck BMD T-score and spine fracture status versus consideration of these variables plus the remaining WHO clinical risk factors identified a similar group of subjects with at least 5-year risk of fracture. These findings highlight the value of knowledge of the spine fracture status in individuals who may have vertebral fractures.
The current analysis has some limitations. The methodology for assessing the radiographs was quantitative morphometry. Other methodologies including semiquantitative assessment or a mixture of quantitative morphometry plus semiquantitative assessment have been used in various other studies. 22 However, we are reassured by the marked prognostic importance of spine fracture status in this analysis, in that the CaMos methodology for reading the radiographs indeed generated clinically important information. Our current analysis only considered presence versus absence of vertebral fracture, as in our previous analysis, additional detail-including number, maximum severity and spine deformity index-did not appreciably increase the GR/s.d. 7 Of course, subjects with higher spine fracture burden are likely to have relatively higher risk, just as greater burden of any of the particular risk factors is likely to confer greater risk. Use of glucocorticoids was present only in a small number of subjects, so it is possible that this analysis may have underestimated the importance of this risk factor.
In conclusion, the current analysis confirms and extends the findings of the preliminary analysis from the population-based CaMos cohort and reinforces the value of using prevalent spine fracture status combined with age and BMD to predict future fracture risk. Simple tables show 5-year absolute fracture risk based on these factors. This work, therefore, demonstrates the potential to provide high predictive performance parsimoniously by considering these risk factors. 
Materials and Methods
Study participants and population. Details of the objectives, purpose and methodology of CaMos, a prospective cohort study following a randomly selected population-based community cohort of 9423 community-dwelling men and women aged 25 and over living within 50 km of one of nine regional centers in Canada have been reported. 5 Recruitment of the cohort began in September 1995 and ended in September 1997. The study was approved by all regional institutional ethics review boards. Subjects provided written informed consent in accordance with the Helsinki Declaration. The previously reported findings were limited to the 2761 subjects aged 50 and older for whom spine radiographs at baseline and year 5 had been completed. 7 The data from these subjects were re-analyzed for purposes of comparison and are denoted as Cohort 1. An additional 1964 subjects who now have completed readings of spine radiographs at baseline and year 5 are now analyzed and denoted as Cohort 2; both cohorts comprise the CaMos adult population for whom spinal radiographs were available.
Bone mineral density. Lumbar spine (L1-L4) and hip BMD were assessed by DXA with Hologic QDR 1000, 2000 or 4500 densitometers at seven centers and Lunar DPX densitometers at two centers. BMD results were converted to a Hologic standard. 23 A semi-anthropomorphic spine phantom (Siemens, Munich, Germany) was measured annually at each center for cross-calibration purposes. 24 Femoral neck T-scores used in this analysis were derived from CaMos reference data. 25, 26 Clinical risk factor measurement. An extensive intervieweradministered questionnaire was used to assess osteoporosis and fracture-related risk factors at baseline. A second intensive interview conducted 5 years after enrollment was used to reassess these risk factors. Clinical risk factors were derived from the baseline interview except for parental history of hip fracture, which was obtained from the year 5 questionnaires. Subject responses were coded to identify current cigarette smokers, use of systemic glucocorticoid therapy for more than 3 months (without regard to dose), minimal trauma fracture after 50 years of age, 27 hip fracture in either or both parents, consumption of greater than two units of alcohol per day and rheumatoid arthritis by subject self-reporting a physician diagnosis of rheumatoid arthritis.
Fracture diagnosis. The methods were the same as previously reported. 7 The risk of any fracture was defined as the risk of an incident morphometric vertebral fracture and/or a nonvertebral fragility fracture. Additional analyses were also performed to assess risk factors for predicting vertebral fracture and for predicting nonvertebral fragility fractures.
Lateral thoracic and lumbar spine radiographs obtained on subjects 50 years and older at baseline and after 5 years were assessed at central sites in Edmonton (Alberta) and Quebec City (Quebec) with quality control to confirm agreement between the sites. Spine fracture status (yes/no) was determined by quantitative morphometric analysis. 6 Vertebrae were graded as without fracture if the height ratio was p3 s.d. below the mean of respective uninvolved vertebrae by sex (vertebral reference), whereas they were graded fractured if the height ratio was 43 s.d. below the vertebral reference. Nonvertebral fragility fractures were self-reported by annual questionnaire and defined as a fracture with minimal trauma, and confirmed using radiograph or medical records.
Statistical analyses. The previously published analyses were repeated for both Cohort 1 and Cohort 2. Logistic regression analyses were performed to determine the importance of baseline morphometric spine fracture status, BMD and the WHO clinical risk factors 28 (age, prior fragility fracture, current smoking, alcohol use, parental history of hip fracture, glucocorticoid use, rheumatoid arthritis) for predicting the 5-year risk of any future vertebral or nonvertebral fragility fracture. To test the hypothesis that inclusion of spine fracture status with clinical risk factors would improve the prediction of future fracture risk, a logistic regression model was built including clinical risk factors compared with models including these plus spine fracture status (yes/no). The performance of each model was assessed using the GR/s.d., that is, the risk ratio per 1 s.d. change in risk score. 9, 29 Further analyses were conducted to determine the predictive ability of sequential addition of the most predictive clinical risk factors and spine fracture status. For this purpose, univariate logistic regression analysis was used to investigate the associations of future fracture risk among age, femoral neck T-score, prior fragility fracture, spine fracture (yes/no), current smoking, alcohol use, parental history of hip fracture, glucocorticoid use and rheumatoid arthritis. The gradient of fracture risk was examined in multivariate models, with sequential addition of the most important risk factors determined from the univariate analyses.
For each sex, 5-year absolute fracture risk was estimated using the logistic regression model, including these factors: age, femoral neck T-score and spine fracture status. The prevalence of morphometric vertebral fracture to the prevalence of clinical vertebral fractures was compared using a Venn diagram. Subjects identified to have at least 30% 5-year fracture risk as assessed by different logistic regression models were compared using additional Venn diagrams.
All analyses used SAS drug development software (SAS Institute, Cary, NC, USA).
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